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(ft) Time-interleaved method for efficient operation of an acoustic wave sensor array. 



(g) A time-interleaved method for efficient oper- 
ation of an acoustic wave sensor array couples 
each sensor repetitively and one at a time via a 
digitally-addressable analog switch, or multip- 
lexer, to a single oscillator driver to form an 
oscillation circuit. A frequency of oscillation for 
each acoustic wave sensor is determined. The 
frequency for each acoustic wave sensor then is 
converted into a measurement value for the 
parameter to which each acoustic wave sensor 
is sensitive. 
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Background of the Invention 

The present invention relates to acoustic wave 
sensors, and more particularly to a time-interleaved 
method for efficient operation of an acoustic wave 
sensor array for detecting parameters of interest, 
such as chemical concentration, pressure, humidity, 
temperature and the like. 

Acoustic wave devices, such as surface acoustic 
wave (SAW) devices, thin film resonators, quartz 
crystal microbalances and the like, may be used as 
sensors for chemical and physical detection by coat- 
ing them with materials sensitive to a parameter of In- 
terest, as disclosed in U.S. Patent No. 4,312,228 is- 
sued January 26, 1982 to Henry Wohltjen entitled 
"Methods of Detection with Surface Acoustic Wave 
and Apparati Therefor" incorporated herein by refer- 
ence. Interaction of an acoustic wave with the sensi- 
tive material causes a change in the propagation 
characteristics, such as phase and velocity, of the 
acoustic wave. Operation of the resulting acoustic 
wave sensor as an oscillator is a method used for 
measuring these changes in the acoustic wave prop- 
agation characteristics. 

A multiplicity of parameters may be measured by 
using an array of acoustic wave sensors in which 
each sensor of the array is coated with a different ma- 
terial with unique sensitivity properties. Prior systems 
of acoustic wave sensor arrays, as described in the 
1 993 article by Jay W. Grate et at in Analytical Chem- 
istry, vol. 65, pgs. 1868-1881 , entitled "Smart Sensor 
System for Trace Organophosphorus and Organosul- 
f ur Vapor Detection Employing a Temperature-con- 
trolled Array of Surface Acoustic Wave Sensors, Au- 
tomated Sample Preconcent ration, and Pattern Rec- 
ognition" incorporated herein by reference, have used 
a multiplicity of oscillator circuits with each oscillator 
driver dedicated to its own acoustic wave sensor. 
Some of the disadvantages of this approach are ex- 
cessive power consumption due to each oscillator re- 
quiring as much as one Watt of power, excessive self- 
heating of the acoustic wave sensors as significant 
power may be dissipated in each sensor, inadvertent 
frequency locking of oscillators due to coupling be- 
tween oscillators, and large component count and cir- 
cuit board space for multiple oscillator circuits. 

For field use, as opposed to research or labora- 
tory use, it is desirable to have a measurement instru- 
ment that may be readily held in one's hand. To ac- 
complish this it is desired to reduce the power con- 
sumption and the parts count as well as to prevent 
frequency locking between oscillators so each acous- 
tic wave sensor in an array responds independently 
from the others. 

Summary of the Invention 

Accordingly the present invention provides a 



time-interleaved method for efficient operation of an 
acoustic wave sensor array by providing a single os- 
cillator driver. The oscillator driver is coupled to each 
acoustic wave sensor in turn via a digitally-address- 
5 able analog switch, referred to herein as a multiplexer, 
to complete an oscillator circuit. The multiplexer ad- 
dresses each sensor in turn for a short period of time 
in a repetitive fashion so that each sensor is brought 
into oscillation one at a time. For N sensors this re- 
10 duces power dissipation and component count by a 
factor of N, and also eliminates the possibility of 
cross-talk between sensors since only one sensor os- 
cillates at any one time. 

The objects, advantages and other novel fea- 
ts tures of the present invention are apparent from the 
following detailed description when read in conjunc- 
tion with the appended claim and attached drawing. 

Brief Description of the Drawing 

20 

The Figure is a block diagram view of a time- 
interleaved system for efficient operation of an 
acoustic wave sensor array according to the present 
invention. 

25 

Description of the Preferred Embodiment 

Referring now to the Figure an acoustic wave 
sensor array 10 has a plurality of acoustic wave sen- 

30 sors 12, each having a coating material sensitive to a 
different parameter to be measured, such as chemi- 
cal composition, pressure, humidity, temperature or 
the like. The outputs from the sensors 12 are input to 
a digitally-addressable analog switch 20, herein refer- 

35 red to as a multiplexer, which selects one of the inputs 
in turn as an output. The output of the multiplexer 20 
is coupled to an oscillator driver 30 so that the select- 
ed sensor 12 completes a resonant circuit with the os- 
cillator driver. The resulting oscillator signal is taken 

40 from the oscillator driver 30 and input to a frequency 
counter 40. The frequency counter 40 measures the 
frequency of the oscillator signal from the oscillator 
driver in response to a gate pulse from a microproces- 
sor 50. At the conclusion of the gate pulse the fre- 

45 quency measured by the frequency counter 40 is 
transferred to the microprocessor 50 for processing to 
provide a measure of the parameter to which the se- 
lected sensor 12 is sensitive. The microprocessor 50 
also provides a select command in the form of a digital 

50 address to the multiplexer 20 to determine which sen- 
sor 12 is coupled to the oscillator driver 30 at any one 
time. 

The microprocessor 50 has stored in its memory 
a nominal frequency for each sensor/oscillator driver 
55 combination corresponding to a nominal calibration 
value, such as no presence for a chemical concentra- 
tion or one atmosphere for a pressure, etc. Deviations 
from the nominal frequency are interpreted by the mi- 
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croprocessor 50 as a measure of the particular para- 
meter based upon a calibration curve, also contained 
in the microprocessor memory. The microprocessor 
50 outputs the measured values for each sensor 12 
in a suitable form, such as alphanumeric, graphic or 5 
the like, for display. 

For example each sensor 12 may be coated for 
sensitivity to a different unique chemical pollutant in 
a fluid environment. The microprocessor 50 may ad- 
dress each sensor 12 via the multiplexer 20 for 10 mil- 10 
liseconds at a time, which allows N oscillators to be 
addressed at N*10 millisecond intervals. For N= 10 
the intervals are 100 milliseconds. The requirements 
for the two intervals, TM (time for measurement of an 
individual sensor 12) and TT (total time for addressing is 
N sensors 12 where TT = N*TM) are as follow: 

1. TM should be longer than a time TS required 
for an oscillator formed by the selected sensor 12 
and the oscillator driver 30 to start up and stabil- 
ize. The time TS is on the order of the oscillator 20 
Q multiplied by the oscillation period. Since most 
acoustic wave devices are high Q (100-10,000) 
devices with oscillation frequencies of 10 MHz - 

1 GHz (periods of 100-1 nanoseconds), the time 
TS is on the order of 1 00 nanoseconds to 1 00 mi- 25 
croseconds. With the time TM of 10 milliseconds 
there is sufficient measurement time for meas- 
urement of the oscillator frequency after the time 
TS. The oscillator driver 30 may include a means 
for energy storage in the form of an L-C tank cir- 30 
cuit 35 to maintain an oscillation signal during 
resonator switching. This shortens the start-up 
time of the oscillator driver 30 since the oscillator 
signal does not have to build up from noise. 

2. TT should be significantly less than the ther- 35 
mal time constants, TH, of the acoustic wave 
sensors 12 and their housing. Since stable oper- 
ation of the acoustic wave sensors 1 2 typically re- 
quires temperature control of the sensors, uni- 
form heating of the sensors is preferred. If TH is 40 
5 seconds and TT is 100 milliseconds, then each 
sensor 12 is heated every 100 milliseconds and 
maintains an approximately constant tempera- 
ture since there is little cooling of the sensor dur- 
ing the 100 milliseconds. In this time averaged 45 
fashion the entire sensor array 10 maintains an 
approximately constant and uniform power dissi- 
pation. 

The sensors 12 may be repetitively coupled by 
the microprocessor 50 to the oscillator driver 30 via 50 
the multiplexer 20 in an order that is other than line- 
arly sequential to optimize heat distribution patterns. 
The gate signal from the microprocessor 50 may also 
serve to connect/disconnect the frequency counter 
40 used for detecting frequency shifts if the counter 55 
is disturbed by the transients associated with switch- 
ing from sensor to sensor, as discussed above. The 
result is a reduction by a factor of N in component 



count and power, which is important in the implemen- 
tation of small, portable instrumentation where there 
are significant restraints on size, weight and power 
requirements. 

Thus the present invention provides a time- 
interleaved method for efficient operation of an 
acoustic wave sensor array by using a single oscilla- 
tor driver and coupling each sensor of the array in turn 
via a digitally-addressable analog switch, or multi- 
plexer, to the oscillator driver. The frequency gener- 
ated by each sensor in turn is determined by a fre- 
quency counter and interpreted by a microprocessor 
as a measurement of the parameter to which the se- 
lected sensor is sensitive. 



Claims 

1. A system for measuring a plurality of parameters 
using an array of acoustic wave sensors, each 
acoustic wave sensor being sensitive to a differ- 
ent one of the parameters, comprising: 

an oscillator driver having an input and an 
output; 

means for repetitively selecting each of 
the acoustic wave sensors for coupling one at a 
time to the input of the oscillator driver to com- 
plete an oscillator circuit and produce an oscilla- 
tor signal at the output of the oscillator driver for 
each acoustic wave sensor; 

means for determining a frequency of the 
oscillator signal for each acoustic wave sensor; 
and 

means for converting the frequency to a 
measurement value for display for each acoustic 
wave sensor. 

2. The system as recited in claim 1 wherein the se- 
lecting means comprises a digitally-addressable 
analog switch having N inputs, where N is the 
number of acoustic wave sensors in the array, 
and one output, each acoustic wave sensor being 
coupled separately to one of the N inputs and the 
oscillator driver input being coupled to the one 
output. 

3. The system as recited in claim 1 wherein the de- 
termining means comprises a frequency counter 
having an input coupled to the output of the os- 
cillator driver and having an output coupled to the 
converting means, the frequency counter meas- 
uring the frequency of the oscillator signal within 
a specified measurement interval for each 
acoustic wave sensor. 

4. The system as recited in claim 3 wherein the fre- 
quency counter includes a gate input coupled to 
the converting means for receiving a gate signal 
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for turning on and off the counter so that the 
counting for each acoustic wave sensor occurs 
within the specified measurement interval after 
transients have settled. 

5 

5. The system as recited in claim 1 wherein the con- 
verting means comprises a microprocessor hav- 
ing an input for receiving the frequency from the 
determining means, having an output for provid- 
ing the measurement values for display, and hav- 1 o 
ing a select output coupled to the selecting 
means for determining a sequence in which the 
acoustic wave sensors are repetitively selected 

by the selecting means. 

15 

6. The system as recited in claim 5 wherein the mi- 
croprocessor has a gate output coupled to the de- 
termining means for turning on and off the deter- 
mining means so that the frequency for each 
acoustic wave sensor is determined within a 20 
measurement interval after transients have set- 
tled. 

7. A method of measuring a plurality of parameters 
using an array of acoustic wave sensors, each 25 
acoustic wave sensor being sensitive to a differ- 
ent one of the parameters, comprising the steps 

of: 

repetitively selecting each acoustic wave 
sensor one at a time for coupling to an oscillator 30 
driver to complete an oscillation circuit; 

determining a frequency of oscillation for 
the oscillation circuit for each acoustic wave sen- 
son and 

converting the frequency for each acous- 35 
tic wave sensor to a measurement value for dis- 
play that represents the parameter to which each 
acoustic wave sensor is sensitive. 
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(54) Time-interleaved method for efficient operation of an acoustic wave sensor array 



(57) A time-interleaved method for efficient opera- 
tion of an acoustic wave sensor array couples each sen- 
sor repetitively and one at a time via a digitally-address- 
able analog switch, or multiplexer, to a single oscillator 



driver to form an oscillation circuit. A frequency of oscil- 
lation for each acoustic wave sensor is determined. The 
frequency for each acoustic wave sensor then is con- 
verted into a measurement value for the parameter to 
which each acoustic wave sensor is sensitive. 
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